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Binary stellar evolution: 
the standard picture



Kupfer, Korol+24



Porb= 15 
min

Porb= 5 min

What goes on here?

Kupfer, Korol+24



Decreasing ρdonorDensity to fill Roche lobe

(Eggleton 1983)



Decreasing ρdonorDensity to fill Roche lobe

Minimum permitted 
WD mass (kT=0)

realistic RWD

(Eggleton 1983)



Binary stellar evolution: 
the standard picture

LISA will probe the 
end stages



Period vs. Jorb :

d lnP/dt:

q = M1 / M2

Orbital evolution of an ultracompact binary (0.24 M☉ + 1.0 M☉)
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models from Wong+21

Orbital evolution of an ultracompact binary (0.24 M☉ + 1.0 M☉)



Can also vary M1, M2, 

donor thermal evolution, …

Chakraborty+24

How can we test these 
models and learn something 
about the uncertain physics?



long-baseline photometry

All-sky survey (ZTF)

photometric & 
spectroscopic 
follow-up

7.95-min period

periodicity search
(e.g. Burdge+20)
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Long-term timing (4-6 year baselines)





Write in terms of 
stellar evolution 
parameters (ξad, 

χevol)



Complementary to 
LISA measurements!

Write in terms of 
stellar evolution 
parameters (ξad, 

χevol)





Every system near period minimum 
with a direct P-dot measurement:

*tracks are illustrative, NOT fits

James’ talk

Munday+23



(Kaplan+12)

… the observed P-dot distribution is 
perhaps odd, but it’s still early

Every system near period minimum 
with a direct P-dot measurement:



ES Ceti

Strohmayer 2004

Optical

+

UV

+

X-ray

Spectroscopy + photometry

+ GW signal 

Many simultaneous 
data channels will 
allow for new, precise 
mapping of these 
systems and their 
accretion disks!
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Job security



My other hobby in LISA science: quasi-periodic eruptions 
(X-ray counterparts to EMRIs?)

Linial & Metzger 23



Chakraborty+24a Chakraborty+25b

QPE timing: SMBH dynamical probes 
down to ~100 Rg

QPE spectra: probes of energy 
dissipation ⇒ orbital decay

Arcodia+24c (incl. Chakraborty)

Preliminary observations of orbital 
decay driven by GWs + gas 
dissipation
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Thanks for listening! Reach me at joheen@mit..edu
Chakraborty et al., 2024 – arXiv:2411.12796 (Dec. 2024)
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